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ABSTRACT

This research project explored the effects that building a new firehouse would have
upon emergency response times to past fires, target hazards and equa coverage concernsin
Morristown, New Jersey.

The problem that was addressed was that, with dl fire suppression forces deployed
from one location, longer response times were being experienced in alarge area, which included
severd dgnificant target hazards

The purpose of this research project was to explore the feasbility of continuing to
protect the entire town from one firehouse, and to study the effects of constructing a new
firehouse on the southeast sde of town.

Descriptive research was used to study the patterns of town’ sfire problem, geography
and response characterigtics. Evaluative research was used to analyze the feasibility of the
present practice of maintaining dl forces in one location by measuring the effects of anew
southeast firehouse upon emergency response distance and trave time.

The research questions posed were:

1. How aelife safety and fire loss affected by response time?

2. Arethere nationdly recognized standards for response time?



3. How have response times been affected by the closing of the Market Street firehouse and
moving al companies to Speedwe | Avenue?

4. How would the building of a new firehouse on the southeast Sde of Morristown impact life
response time, life safety, and fire loss?

The procedure began with a literature review of deployment analysis, response time and
distance, and their relation to life safety and fire loss. The deployment considerations of risk,
hazard and equa coverage were examined. Response distances were measured to past fires
and target hazards. Measures of equality of service were performed.

It was found that a second firehouse would shorten travel times, enhance life safety, and
lessen fire damage. Recommendations included continued efforts to plan for a new firehouse

and continued research.



TABLE OF CONTENTS Pege
AB ST RA T L e e i
TABLE OF CONTENTS. .. .ot iv
INTRODUCGCTION. .. .. e e e e e e eae e 1
BACKGROUND AND SIGNIFICANCE.......co it 4
LITERATUREREVIEW. ... e 7
Response Timeand Life Safety.......o.ov i 8
Response Time and FireDamage and LOSS..........vvvvvviiiiineiiieaeen, 9
Response Time as a Proxy Measure of Fire Department Success......... 10
Response Time COmMPONENES. .......v v e et e ee e 12
Travel TIMe. ..o 13
Response Time Benchmarks...........ooviiiii i 14
Flashover . ... 16
Travel DISTANCE. ... et e e 18
Relating Response Distanceto Response TMe.......oevvevevieiiveninne. 19
Average Travel DIStanCe. ......c.vieie e e 22
Deployment Policy Congderations. Hazard, Risk, Equa Coverage...... 24
Policy Objectives ConflictS..........oviiiiii e 28

Firehouse Siting ConSIderations. ... ....ovvuiieieiiiiiie e 29



PROCEDURES. .. ... e e e e e e 31

Definition Of TEIMS......vie e 32
Research Methodology .........coveee i, 34
Assumptions and LimitationS...........oouiiiiiiiie e, 37
RESU L T S, .. e e e e e et e e e 39
Target Hazards. .......ooeii e 43
e 45
Equal COVEIagE. ... .ot e e e e 47

RECOMMENDATIONS. .. ..o e e 56

REFERENCE LIST ... e 58

APPENDICES. .. ... 66
APPENGIX A e e e 66
APPENAIX B 67
APPENTIX C.ee e 68
APPENAIX D 70
APPENAIX E. .o 72
APPENAIX F.e e 73

APPENAIX G e 74



Vi

APPENAIX H. .ot 79
APPENDIX L. e 80
APPENGIX J.. e e e e 81

APPENTIX K .o e 82



INTRODUCTION

The Town of Morristown, New Jersey was settled in 1710 and incorporated in 1743,
and grew around a central block-szed park, known as The Green. The main streets radiate
outward from the Green like spokes of awhed. Morrisown’s origina two staffed firehouses
were built soon after the Civil War just off opposite Sdes of The Green, on Market Street and
on Speedwell Avenue. These firehouses were only about 300 yards apart, as was gppropriate
when amost dl of the value of the town was located on or near the Green. In 1971 the
Speedwel Avenue companies were relocated to anewly built firehouse further out on
Speedwel Avenue, dmost one hdf mile from the Green.

In December 1996, the 125 year old Market Street firehouse was closed after an
ingpection by an architecturd engineering firm which reveded severd deficiencies ranging from
substandard dectrica wiring and gas linesto stress on the bay floors. Market Street’ stwo
engines were moved into the Speedwe | Avenue firehouse, and dl initidly responding apparatus

and personnel were then located together on the north side of town.
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Figure 1 - Morristown staffed firehouses, shown as pins on map, from top: Current Speedwell
Avenue firehouse (yelow pin); dosed former Speedwel Ave. firehouse (red pin); recently

closed Market Street firehouse (blue pin); proposed firehouse location area near South and

James Streets (black pin).

The problem prompting this research project was that, with dl fire suppresson forces

deployed on the north side of The Green, longer response times were being experienced to a

large areain the southeast side of Morristown, which included severa significant target hazards.

The town needed a method of evaluating data for present and future deployment decisions,



including the question of whether to build a new firehouse.

The purpose of this research project was to explore the feasibility of protecting the
entire town from one firehouse, and to study the effects of congtructing a new firehouse on the
southeast side.

This study makes use of descriptive research, which brings clarity to the patterns of
town’ sfire problem, geography and response characteristics. Additiondly, evauative research
was used to anadyze the feasihility of the present practice of maintaining al forcesin the
northeast Sde of the town by measuring the effects of a new southeast firehouse upon
emergency response distance and travel time.

The research questions examined were:

1. How arelife safety and fire loss affected by response time?

2. Arethere nationdly recognized standards for response time?

3. How have response times been affected by the closing of the Market Street firehouse and
moving al companies to Speedwe | Avenue?

4. How would the building of a new firehouse on the southeast Sde of Morristown impact life

response time, life safety, and fire loss?



BACKGROUND AND SIGNIFICANCE

Morristown, New Jersey isasmal city/large town of 17,000 residents and 100,000
daly trangents. The 1990 census reported 14,633 households with a 1989 median income of
$59,413 and $2,448,515,000 aggregate worth of owner-occupied residences (U. S. Census
Bureau, 1997). Commercid occupancies include four hi-rise office buildings and one hi-rise
hotel. Morristown houses the county seat and jail complex. Morristown’s Fire Bureau protects
Morristown Memoria Hospital, the regiona trauma center, and Morrisown Airport, which is
the third busest airport in the state. Findly, there are severa buildings of irreplaceable historic
vaue, such asthe Ford Mansion, which was Washington' s headquarters for two years during
the Revolutionary War.

Morristown has a history of strong volunteer fire service. Two hundred years ago, in
1797, a society was organized for the use of buckets, fire hooks, and cisterns. By 1837 the
Morristown Fire Association was created by act of legidature and empowered to support two
fire companies by specid taxation. The Sx volunteer companies that are in service today were
formed between 1867 and 1889. Full time career firefighters were first hired in 1929.

Today Morristown is served by about 20 active volunteers qudified for interior
gructurd firefighting, and an additiona 30 in support capacity. The career firefighters, presently

numbering 29 divided into four platoons, are no longer merely driver/operators, but generdly



function as one company at an darm until volunteers arrive. During the 1990's cdll volume has

remained relatively congtant at around 1200 cdls per year.
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In 1997 the Morristown Fire Bureau responded to 1310 alarms, which included 20 structure
fires

After the Market Street firehouse was declared unusable in 1996, the Long-Range
Firehouse-Needs Committee was formed by the Mayor, conssting of the Fire Chief, the
Business Adminigtrator, representatives of the career and volunteer firefighters, and local
business and politica leaders. The Committee decided that the Market Street location, which
was a“narrow, congested, one-way sreet with aterminus into the notorioudy congested one-
way rotary traffic at the Morristown Green” was no longer gppropriate (Morrisown Long-
Range Firehouse-Needs Committeg, 1997, p. 3). The Committee recommended building a
new firehouse on the southeastern part of town, and identified and evauated four possible Stes:
apaking lot a Franklin and EIm Streets; the Town Hall parking lot between South and Franklin
Streets; 214 South Street; and a vacant garage on Maple Avenue and Catherine Lane.

This paper has been produced to satisfy the applied research project requirement for
the Strategic Management of Change course a the Nationd Fire Academy. The project relates
to the course work on Phase 1 (Analyss) of the Change Management Modd, especidly those
sections presenting anayzing the existing Stuation; performing a needs assessment; identifying
influences creating a need for change; quality of service; trangtiona change; and informetiond
techniques to promote change.

Findly, this reseerch will darify and quantify some issues which will enable the Town of



Morristown to make sound decisions in suppression resource deployment.

LITERATURE REVIEW

Modern fire resource deployment analysis began as part of the late 1960's Great
Society drive to improve the qudity of life by federd programs and funding. In 1973, after two
years of research, the Report of The Nationa Commission on Fire Prevention and Control
(AmericaBurning) was released. Its findings and recommendations generated a nationd drive
to address America sfire problem, including funding of new college and university research and
courses of study, textbooks, new apparatus, tools, and improved protective gear for firefighters.
In this climate, and with recently developed computer hardware and software, groups such as
the Rand Corporation began to apply principles of operations research to fire service problems,
resulting in resource deployment analysis. “ Deployment analysisis the gpplication of systems
andysis to the problems of deploying (or dlocating) firefighting resources. We use systems
andyssto help make better deployment decisions because, in many cases, it provides an
objective framework for comparing dternative policies’ (Walker, 1979, p. 69). Although these
sources date from the mid 1970's, they are foundational and will be used extensvely in this
study.

In many jurisdictions, the number and locations of fire companies that exist today

represent obsolete historica decisons. Examples include: where volunteer companies were first



organized (The Department of Housing and Urban Development [HUD], 1977, p. v); “Intuition
and judgment, donated property, a generdized objective of being placed on or near main
thoroughfares, within jurisdictional boundaries, and in an areafar from existing sations’
(Springer, 1995, p. 34); the distances men or horses could run; the spacing required by the
requirements of the Standard Grading Schedule of the National Board of Fire Underwriters and
its successor, the Insurance Services Office of the American Insurance Association (HUD, p.
35; Rider, 1979, p. 323); aspart of the smal town Town Hal complex (Buxton, 1994, p. 1);
and, on ahill top to make it easer for the horses to attain speed Billington, 1995, p. 7).

Modern decisions are usudly based on distance between stations, population served, and
hazards to digtricts (Billington, 1995, p. 11). Gay and Siegel conclude: “Thus, stations are
gpread throughout a community and sometimes located near major high risk facilities’ (1987, p.
1).

One important congderation of fire station Siting has dway's been response time, or the
time between darm and suppression when units are responding to the scene of an emergency.
Hodtile fire has long been recognized to be a progressive threat, againgt which too little or too
late intervention both produce the same disastrous result. “Responsetimeto fire calsis critica

to the outcome of the emergency” (City of Lodi (Cal.) Fire Department, 1989, p. 3).



Response Time and Life Safety
Response time impacts upon life safety (including firefighters life safety), aswdl as
damage and loss due to fire. Barr and Caputo (1997) state:
Nothing is more important than the eement of time when an emergency is reported.
Fire growth can expand a arate of many timesits volume per minute. Timeisthe
critical factor for the rescue of occupants and the application of extinguishing agent” (p.
10-250).
The longer the fire building burns unchecked during response time, the greeter the fire problem
and threat. Firefighters are definitdly stakeholdersin addressing responsetime. “When
determining acceptable response times, consderation must be given to flashover and building
collgpse as they relate to occupant and firefighter safety” (Vadnais, 1990, p. 4). Chief Vadnais
aso found that benefits of lower response timesincluded “lower workman compensation claims
astheresult of lowered stress and smaller scale fires due to the faster response”’ (p. 6).
Shortened response times aso benefit the community indirectly, as reported by Chief Reed:
“Improved service ddivery [from faster response] improves firefighter safety, fire dollar loss of

property, reduces insurance premiums, and increases the opportunity for rescue’ (1992, p. 16).
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Response Time and Fire Damage and Loss

Although thet it is evident that there is a direct relationship between response time and
loss, it isdifficult to define the exact relaionship. At the 1980 Annua Meeting of the NFPA,
fire protection engineer Martin Holba reported on a study of the relationship between response
time and damage involving 115,000 structurd firesin New York City. He found that “One
minute of response time was estimated to be worth from $100 to $10,000 in damages or loss.
By comparison, asmilar study made in Greet Britain in 1973 indicated these response-time
costs to be about $125 to $250 for dwellings and approximately $2,500 for industrial-
commercia properties’ (p. 37).

In one case Wilson (1994) found that “ An extra 60 seconds of response time would
have increased the resulting damage from about US $150, with the ability to deep there that
night—to over US$40,000, with loss of persond treasures and no deep there for months’ (p.
5).

John Granito and John Dionne, writing for the Internationa City Management
Association, related response time to effectiveness. “To account for various response times, you
could project areduction in effectiveness of 50 percent for each minute or increased response
time. Therefore, athree-minute response is only 25 percent as effective as a response of one

minute or less (1988, p. 113).
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Response Time as a Proxy Measure of Fire Department Success

Jack Hauser of the New York City Rand Ingtitute, in astudy of the travel characteristics
of emergency service vehicles prepared for the Department of Housing and Urban Devel opment
[HUD], observed:

One of the most important indicators of the performance of any emergency serviceis
response time....Since response time can have a sgnificant impact on the loss of life and
property a an emergency, it isused as a principa measure of effectivenessin many
models developed for andyzing the deployment of emergency vehicles. (1975, p. 1)

HUD (1977, p. 4) explains.
Although there is agreement on the primary objectives of the fire department--to
minimize the loss of life and property caused by fire--fire deployment andysts are not
able to base their studies directly on these objectives, because there are no reliable
methods for estimating the effect of changes in deployment policies on the objectives.
For example, if the number of fire companies on duty is doubled, or haved, no one can
date with any degree of certainty what will happen to fire deaths or to the amount of
property that is destroyed by fire. To andyze deployment palicies, then, we must use
proxy measures of performance.
HUD dso identified two groups of these proxy measures. those dealing with insurance

concerns, and those affecting Response Time.  Billington (1995) concludes:



In measuring effectiveness of fire departments response time has often been used as a
measurement because it iswidely believed that the faster the response, the lower the
loss, which contributes to citizens perceptions of the responsiveness of their

government, and afeding of security. (p. 8)

Response Time Components

Chief Gary McCarraher observed, “Contrary to casud thought of how quickly vehicles
can reach an emergency, response time is a complex measurement of severd identifiable time
segments’ (1992, p. 6). Different sources use dightly different models and nomenclature.
Making the Stuation even more confusing, the progress of afire from ignition to extinguishment
is aso described and defined differently by different authors. Vadnais (1990, p. 2) defined
response time broadly, as “the tota egpsed time from ignition to suppression”. Waker (1979)
defined response time as “ The length of time from the moment the fire department is notified
until afire company is on the scene and ready to operate’ (p. 82), which included the
component intervals of dispatching time, turnout time, and travel time listed by Hausner (1975).
HUD (1977, p. 6) added setup time (also known as assault time by Strang (no date, p. 7)) as
part of response time. Barr and Caputo (1997) further subdivide setup time and add the
component accesstime (i. e, the time required after arrival to move from the gpparatus to the

emergency). For Phoenix, however, response time stops when the first unit arrives on the scene
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(Brewdter, 1994). In the most detailed modd, Rexford Wilson (1994) identified nine time
periods over the course of afire: free burn, permitted burn, notification, alarm processing,
turnout, travel, setup, combat, and overhaul. These time periods are separated by ten
benchmark pointsin time: ignition point, recognition point, detection point, darm point, dert
point, get-out point, arriva point, agent gpplication point, flameout point, and extinguishment

point.

Travel Time

When congdering the problem of fire station locations, the travel time component is of
Specid interest. Trave time, defined as “ The length of time between the sart of the unit’strip
anditsarriva at the scene’ HUD (1977, p. 6); and as “The amount of time from whed sart to
whed stop” by Barr and Caputo 1997 (p. 10-250). Trave timeis*“the only component of
response time that is affected by changes in the deployment of fire companies’ (Waker, 1979,
p. 82). Thomas Holland adds “Response time/travel distance measurement is the one unknown
factor that we have the greatest ability to change. Thereforeit is considered to be a mgor
factor in the planning process of fire sation locations within the community” (1993, p. 38). “Fire
gations and other fire protection facilities are placed in a community on the basis of risk analyss
and response time requirements (Requate, 1993, p. 5). Allen Clark notes that time lost in other

components of response time (due to delayed darm, dispatch time, or turnout time) cannot be
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made up by driving at excessive speeds or by taking other needless risks en rout (1986, p. 29).
Studiesin New Y ork and Denver found that Travel Time accounts for about 50% of the total
response time for the first due company, and an even larger fraction for later arriving companies

(Kolesar, 1979, p. 161).



15

Response Time Benchmarks

Some authors, e.g., Granito and Dionne, (1988) use “response time’ to describe the
interva defined above as“trave time.” This presents difficulty in comparing measures of time
between studies.

Thisreview of the literature did not discover any current nationdly recognized standards
gpecifying acceptable response time parameters. “Unfortunately, the fire service has developed
no data which can be used to determine exactly what congtitutes a reasonable response time’
(Holba, 1979, p. 10). Thisappearstrue eventoday. Dr. Glenn Martin, anationa research
consultant on computer aided dispatch systems, stated (in 1994) that there were no nationally
recognized response standards established for the fire service (Hardiman, 1994, p. 10).

Granito and Dionne suggest: “In some urban areas, one and a haf minutes are considered a
desirable maximum, whereas in other urban aress the number is set a two and ahalf or threg”
(1988, p. 120).

However, as reported by Chief Billington (1995, p. 8), the NFPA presented criteriafor
both response distance and response time in 1972. The criteria were to have 90% of the
responses recelving on scene condition reports within three minutes (first due), and the entire
firg due assgnment on scene within five minutes. Response distance limitsin built-up areas
were one and one- haf milesfirst due area and three miles for the rest of the assgnment.

Some published goas of fire departments around the country include:
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Audtin Fire Department has set an average response time goa of 30 seconds “ scramble”’
(or turnout) time and 3 minutes drive time for the firgt fire gpparatus to arrive at the scene of

the emergency (Sybesma, 1995, p. 56).

“The Wichita Fire Department has had the god of placing a piece of emergency apparatus
a any emergency scene, on the average, in less than four minutes from the time the citizen

cdlsfor assstance’ (Augtin, 1994, p. ii).

In Edmonds, Washington the Fire Department set an on scene goa of 80% of firecalsin
less than 9 minutes (includes turnout and travel time); the actua average achieved in 1994

was 1:03 turnout and 3:49 travel for total of 4:52 (Springer, 1995, p. 26,7).

Inastudy of 15 municipditiesin Texas, Metzger (1994) found that the average response
time of al of the survey participants was caculated for the first due companies a 3.9

minutes.

Lodi, Cdifornia has stated this response god: “The amount of areawithin the current city
limits which is outside of the present three minute driving time should be reduced to as near
zero as possible, and no area should exceed four minutes driving time” (City of Lodi, 1989,

p. 5).
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Phoenix, Arizonamaintained a“target response time,” which included turnout and travel

time, of 3 minutes (Mason, 1996, p. 9).

Flashover
Discusson for using response time as a criterion can be associated with the fire
phenomenaof flashover ( atrangtion from agrowing fireto afully developed fire where dl
combudtiblesin aroom become involved) which occursin six (6) to nine (9) minutes’
(Billington, 1995, p. 7). According to the Internationa City Management Association (ICMA),
aprimary fire department objective should be to arrive at the scene of afire prior to flashover
(Granito and Dionne, 1988, p. 120). Stanley Crodey, Fire Chief in Sdney, Ohio explains.
One of our objectives, as afire department, isto try to arrive at the scene prior to
flashover...Flashover isacritica stage of fire growth for two reasons. Firgt, no living
thingin the room will survive [and] the chances of saving lives drops dramaticaly.
Second, flashover creates a quantum jump in the rate of combustion, and a significantly
greater amount of water isneeded...” (1994, p. 17)

Furthermore, in tests reported by Hartzell for the NFPA (1986, p. 4-38), rooms remote from
the flashover room were found to contain dehilitating and lethad amounts of CO within two
minutes after flashover.

The exact time to flashover depends on many unknown varigbles. The following

egimates were found in the literature:



The Phoenix Fire Department (1993) and ICMA (Granito and Dionne, 1988) found that

flashover can be expected a seven minutes after ignition.

“Research indicates that aroom fire can progress from ignition to flashover (Smultaneous

ignition of al contents) in six to nine minutes’ (Gay and Siegd, 1987, p. 3).

“Fire experience and full scae experimentd fires have shown certain materias capable of
producing room flashoversin aslittle as fire minutes from the gart of flaming” (Vadnais,

1990, p. 4).

“Flashover occurs between four and ten minutesin the build up of fire” Meyers, 1994, p.

6).

18
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Travel Distance

In addition to time related aspects of response, the literature also considers distance.
“Above dl dse, travel time depends on the distance the gpparatus must go...Thereisalong-
gtanding precedent for the direct use of distances. The 1SO grading of municipd fire
departments is based on distance standards’ (Kolesar, 1979, p. 161). Holba (1980, p. 35)
summarizes the distance of the older Insurance Services Office (1SO) standard, the 1974
Municipd Grading Schedule: “1SO’s maximum requirements dictate a three-quarter-mile
response for an engine company, and a one-mile response for aladder company.” 1n 1980 The
ISO introduced the Fire Suppression Rating Schedule, which aso specifies distance standards:
"The formulafor fire department credit includes areview of company distribution, which
requires an engine company within 1 1/2 miles of every build-up area of thde city and a
ladder/service company within 2 1/2 miles of every build-up area of the city” (Coggan, 1995, p.
195). Asreported by Holland (1991, p. G-23), Goswick (1991, p. 4) and Meyers (1994, p.
4), the NFPA recommended that afirst due engine company be located within 2 miles of
resdentid areas, one and one-hdf miles of commercid areas, and within one mile of buildings
that require a 5,000 gdlon per minute fire flow. This recommendation was written by Gordon
McChinnon in the 14th edition of the Fire Protection Handbook (1976), but not included in the
15" or subsequent editions. Writing for the Fire Chief’ s Handbook in 1995, de Silva states:

“Generdly atarget for response distance should be set in accordance with practica department



experience and accepted standards:
-Commercid areas. one mile
-Regdentid aress two miles
-Low-dengty areas: three miles’ (p. 478).
Sybesma (1995) reports a distance standard of the 1991 criteriaof Texas State Board of

Insurance: “Every structure should have a ation within 1.5 miles as the crow flies’ (p. 55).

Relating Response Distance to Response Time
Having in mind the importance of response time, and travel timein particular, the
literature search turned to the problem of how travel time has been found to be related to travel
distance. In 1977 HUD suggested:
There are many waysto estimate travel times [from travel distance]. For example, the
travel distances between firehouses and incident locationsin aregion could be clocked
on an odometer or measured on amap; these distances could be trandated into travel
times by timing actud trips or assuming a congtant travel speed. (p. 14)
Another method of relating time and distance is to Smulate response and measure time and
distance (Landolfi, 1997, p. 10).
Some estimates of average emergency response peeds found in the literature are:

30 mph (Thompson, 1998, p. 13);
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from 19 mph on short, downtown streets to 36 mph on long, non-resdentid, multiple-
lane streets (Fitzpatrick, 1989, p. 5);
20 mph, average urban response speed (Granito and Dionne, 1988, p. 120);
20 to 24 mph for an engine and 17 to 20 mph for atruck (Wilson, 1994, p. 19);
26 mph, average safe response speed (Lodi Fire Department, 1989, p. A5);
30 mph (Sybesma, 1995, p. 56).
The Rand-HUD studies developed and tested an equation which relates response time
to response distance (Walker, 1979, p. 377):
A city may obtain useful trave-time estimates by using [the following equation], which is

based upon experimenta results in Trenton, Denver, Wilmington, and Y onkers:

T= 210VD when D islessthan or equd to 0.38 mile;

or: 065 + 1.70 D when D isgreater than or equd to 0.38 mile.

The congtants of the function [2.10, 0.38, 0.65 and 1.70] can be estimated for a
specific city by collecting data on the responses of fire companies over aperiod of time.
However, as aresult of collecting such datain severd cities, we have found,
surprisingly, that the values of these parameters vary little from city to city or by time of
day. (HUD, 1977, p. 17)

An early New York City study (Kolesar and Walker, 1974, p. v) which involved



measuring over 2000 responses found the same result:
Trave time increases with the square root of distance for short runs, and linearly for
long runs. Although average response velocities vary somewhat by time of day, the
variations are smaler than expected and can be ignored for many planning purposes.
There are only smdl variations in the parameters of the function rdaing trave timeto
travel disance in different regions of the City. Asaresult, asingle continuous function
can adequately represent the relationship between travel time and travel distance at dl
times of day in dl parts of the City. Thisfunction isasquare-root relationship for
response distances up to some point d, and linear for response distances greater than d.
InaYonkers, New York sudy, Swersey (1979, p. 559) found smilar results:
The response data were d so analyzed to determine what effect the time of day had on
response speed and hence, on travel time. It was found that a time-of-day effect did
exig, but that it was less sgnificant than expected. There were no gpparent practical
differencesin travel speed between daylight hours and nighttime hours, or even between
rush hours and nonrush hours.
However, in other locations, it was found that travel times may be up to 20 % longer

during rush hours (Kolesar, 1979, p. 158).



Average Travel Distance

Cdculaion of agatisticd average travel distancein aregion provides avauable
measure to determine levd of service, to compare service in different parts of city, and to
andyze the effects of different deployment decisons.

The HUD studies (1979, p. 15) stated:

The smple reationship that has been found to give good estimates of average travel

distance is called the square-root law:

D= cxV AN

the square root law states that the average travel distance [D] is equal to a constant[c]
times the square root of the area[A] divided by the number of companies [N] available.
In other words “[ Travel] distance increasesin proportion to the square root of the area, and it
decreases in inverse proportion to the square root of the number of engines’(HUD, 1977, p.
15).
Kolesar and Blum explain:
Inherently, the square root law follows from dimensiona analyss. distance is the square
root of area, and the area served from each fire house is inversely proportiona to the
densty of fire gations. Thusit seems plausible that the expected fire company response

distance should be inversely proportiona to the square root of the density (number per
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square mile) of firehouses. (1973, p. 1369)
Kolesar and Blum further Sate:
It [square root law] states that the average response distancein aregionisinversay
proportiond to the square root of the number of locations from which emergency
sarvice units are available to respond. The principa result, when combined with a
response time-response distance function, enables one to predict expected (average)
responsetimesin aregion... (1973, p. 1368)
Good approximations for the congtant [c] are known. “From studiesin severd cities, the
congtant [c] for the firg-arriving engine company has been found to be approximatdy equd to
0.6., and... for the second-arriving...approximately 1.0.” (HUD, 1977, p. 15). The significance
of the square-root law is summed up by Kolesar:
Firg the modd isvery smple. It linkstravel distances to the key decisons varigble--the
number of companiesin aregion--viaan equation that can literdly be used to caculate
results on the back of an envelope. Second, the modd isjudtified by mathemeticd
andyss...Third, the mode has been tested and verified empiricaly. (1979, p. 178)
Although these studies date to the 1970's, their findings have been found to have
continuous vdidity. Writing for the Internationa City Management Association, Forsman found
in sudy of Ames, lowathat “The Rand travel time prediction formulawas verified though

andysis of actud runtimes. The Rand formula proved to be extremely accurate in predicting
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average travel time” (1988, p. 184).

Deployment Policy Considerations
Even with adequate tools to assess response times and response distances, the fire
service planner faces formidable problemsin finding the best arrangement of fire stations. HUD
summarizes some of the conflicting objectives.
A fire department would like to be able to concentrate its companiesin the areas of
greatest demand. However, the department must dso provide a reasonable level of
sarvice to the lower demand aress....One objective of the fire department might beto
minimize the totd travel timeto dl firesthat occur in the city. In this case, the
companies should be placed close to where the fires are expected to occur....[but]
Resdents in the low-demand region might claim that they are recaiving substandard
protection and are being pendized for being careful and having few fires. Minimizing
trave timesto actud fires o ignores the potentidly high fire hazards or pecid dangers
that may be present in the low-demand region, for example, hospitas, school, chemical
storage areas, nurang homes, etc.
An dternaive objective isto locate the fire companies so that the average travel
time to darmsis made equd in the two regions. Using this objective, the number of

companies would be dmost the same in both regions. This may seem to be amore
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equitable solution. But, as aresult, the travel time to many firesin the high-incidence

region will be increased to reduce those to the few fires of the low-incidence region.

Moreover, the average trave time throughout the city will be larger than the minimum

possible. Under this policy, therefore, totd fire lossesin the city would presumably be

gregter than under the minimum travel-time policy because many fireswould be getting

dower responses. (1977, p. 37)

In sorting out these conflicting objectives, the literature review focused on hazard, risk, and
equal coverage.

Hazard, or potentid demand, is defined here as “ The extent to which injury, damage,
or losswill occur if thereisafirethat is not promptly extinguished a a particular place’ (Rider,
1979, p. 342). “Potentid demand is related to the chance that afire in aregion will escaate
rapidly” (Rider, 1979, p. 324). Hazard is not synonymous with risk: “The hazard factor is
independent of the darm factor...The hazard factor measures the rate of escdation of an
averagefirein aregion. It does not measure the chance that afire will occur” (Rider, 1979, p.
345). Conddering just hazard, “Regions with ahigher potentid demand require smadler average
travel timesif they areto recelve the same coverage as regions with alow potentia demand’
(Rider, 1979, p. 343). Examples of high hazard might include properties where, if fire were to
occur, alarge loss of life would result, such as a school; or properties where, if fire were to

occur, alarge property loss would result, such as atown’s main shopping district. Note that
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these examples (if of fire resstant, gorinklered congruction with no fire history) may be
congdered high hazard but low risk.

Risk, or redized demand, is ameasure of how likdly it isthat a property will experience
afire. Past fire history and trends are good indicators of present risk. “Redized demand is
related to the actua [present] workload in aregion” (Rider, 1979, p. 324). Crodey (1994)
notes “Fres are not distributed evenly throughout the community. Structurd firestend to cluster
in particular areas’ (p. 18). Rider adso notes that “ Risk to property and risk to life usually
increase or decrease together” (1997, p. 345). Although risk does not measure “how bad the
firewill get,” different levels of fire problems may have different risks. Rider explains:

In measuring demand in aregion, it would not be reasonable to treat false darms, for

example, asif they were asimportant as structurd darms (that is, darm sgnding

gructurd fires). Two regionswith identical darm rates--one with ahigh fase-darm
incidence, the other with a high structurd-darm incidence--would certainly pose
different problems for afire department. The amount of work to be done in the region
with the high structurd-adarm incidence, as well astherisk to life and property, would
be much grester... and the linear relation between risk and travel time has been found

to be areasonable approximation.” (1979, p. 342-344)

A risk-centered policy will place more resources near fire-prone aress. “If we assume that the

amndler thetravel timeto afire, the smdler the damage, the department’ s objective of minimizing
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fire damage might be achieved (gpproximately) by minimizing the totd timeto dl firesthat
occur.” (Walker, 1979, p. 77).

Equal coverage is an objective that seeks equaized service and response times
throughout acity. It isagrassroots democratic idedl, often expressed when citizens are
dissatidfied, asin Lodi, Cdifornia “Emergency medicd service and fire protection service are not
provided equally among the City’ s population with the unequa response times created by the
locations of present fire stations’ (Lodi Fire Department, 1989, p. 2). Equa coverage may dso
be seen expressed by Chief Metzger's (1994) recommendation: “For obvious reasons, fire
stations should be located, as practicd as possible, in the center of adidtrict” (p. 11). Thismay
not be the location that minimizesrisk or hazard.

According to Waker, measures of equalized coverage may involve a least four
different criteria

1. Theamount of effort used to sustain the service (equdization of input)

2. The amount of service accomplished (equdization of output)

3. The amount of service accomplished in reation to resdentia needs (equdization of

outcome)

4. The amount of resdentid satisfaction with the service (equaization of citizen's

perceptions). (Waker, 1979, p. 77)



Policy Objectives Conflicts
[14-10-252]: Barr and Caputo give examples of conflicts between policy objectives by posing
these dterndtives:
High life hazard or high dollar vaue [hazard vs. risK]
High incident areas vs. low incident areas [risk vs. equal coverage]
High rate of incidents that require ahigh leve of resourcesvs. low rate [high
risk/high hazard vs. low risk/high hazard]
Rider explainsthe risk vs. equa coverage conflict:
One possble objective isto minimize the totd travel timeto dl firesinacity. An
alocation meeting this objective would place many companiesin regions of high fire
incidence [risk]. The problem is that when afire does occur in alow-demand region, it
may take avery long tome for the fire companiesto arrive. Another objective might be
to provide an “equitable’ didtribution of companies by equdizing the average trave time
indl regions [equal coverage], but thiswould tend to increase travel times and
workloadsin high-incidence areas.” (1979, p. 324)
When planning anew fire house, one question is.
Should it be put into an area of increasing fire risk? or...into alow-dendty area that
currently has alow leve of fire protection?... “The two conflicting objectives--

minimizing average travel time to darms and equdizing trave times--must somehow be



baanced” (Rider, 1975, p. 1,4).

Another balance must sometimes be found between risk and hazard:
A run-down resdentid area might have alarge redized demand because of ahigh
gructurd darm rate [risk], but a moderate potential demand [hazard] because the
buildingsare dl brick. Anindudtrid area, on the other hand, might have alow darm
rate [risk] but a high potentid demand [hazard]. (Rider, 1979, p. 324)

Findly, Waker (1979) explains the conflict between hazard and equa coverage:
Fire companies provide insurance againgt mgjor catastrophes and loss of life by being
available and close-by should afire occur. All locations must be covered, not only
those with long hitories of fires. There are certain places where fires may rarely occur
(nursing homes, chemicd plants, hospitds, and high-rise buildings, for example), but

when one does, the resulting loss of life and property can be substantid. (p. 85)

Fire House Siting Considerations

“Because digances, and therefore travel time, are preset by fire station location,
extensve research and long range planning are required” (Clark, 1986, p. 29). Asindicated
above, one of the primary considerations is response time/distance. De Silva (1995) states,
“The first consderation is station location and response time is the most criticd item in Ste

sdection” (p. 478). Billington (1995) in Corona, Cdiforniaaso found response times to be the



31

main factor in determining fire sation location (p. 2). According to Gay and Siegd “The
location of fire gations is based on the theory that arapid response is essentid to protecting life
and property sincefire spread islargely afunction of time” (1987, p. 3). Inasurvey of thirty-
three FHorida fire departments, Thompson (1998) found that the Siting criterion most frequently
reported was the desire to improve response times (51%)(p. 11).
Another sting condderation which isimportant to this sudy is the effect of locating afire
house on amain street. The literature produced differing opinions:
DeSilva (1990) advises. “In order to avoid traffic congestion, choose a Site on a Sde street right
off themainroad” (p. 32). Cricenti (1997) agrees.
Often fire gations are located on mgjor travel routes, based upon the thinking that the
response time is the mogt efficient; this gpproach has some vdidity. But thisdso
removes what may be very expensive red estate from the tax roles. An dternative
approach isto locate the station on a secondary route, just off the mgor route, and
utilize aggndized intersection. (p. 10-180)
Crodey aso votes for the side Street location: “One and two blocks off the thoroughfares which
isided becauseit dlows us ashort travel distance to these thoroughfares with traffic control
devices’ (1994, p. 10).
On the other hand, there were severa recommendations for Sting fire houses on the

main streets. Gallagher (1989) notesthat “A fire station located on a Sde street hasthe
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additiond disadvantages of decreased vighility and difficult accessbility for citizens... Mgor
intersections are an advantage...[providing] quick accessto dl four points of the compass’ (p.
34). In Mt. Lebanon, Pennsylvania, Donovan, Gay, and Neufeld (1990) concluded: “Itis
imperative that the fire sation be located on amgor thoroughfare, Washington Road, in the

central section of the community” (p. i).

PROCEDURES

The research procedure for this project began with aliterature search at the Learning
Resource Center (LRC) at the National Emergency Training Center in March and July of 1998.
Additional materids were supplied by The Rand Corporation, the Office of Policy Development
and Research, Department of Housing and Urban Development (HUD), and the Operations
Research Society of America. Additional information was gathered from the Lloyd George
Sedy Library, John Jay College of Crimind Justice, City University of New Y ork; and from the
author’ s persond library.

The literature search focused on the determinants of effective fire station deploymernt,
and in particular, response time to areas with a high incidence of fire and to areas with target
hazards. Another important congderation was found to be the god of equdized coverage
across geographic areas. The concepts, methods and formulas needed to conduct a

deployment andysisfor asmdl city of Morrisown’s Sze were found to have been developed in



the 1970's, and to remain valid today.

Definition of Terms

Extreme - The point in a Ward/Didrict which is farthest away from the Speedwel| firehouse,

Center - The gpproximate geographic center of a Ward/Didtrict.

Demand Zone - A sub-section of atown created in order to compare response time, darm

rate, and hazard level to other parts of the town.

Deployment Andyss- “The gpplication of sysems andysis to the problems of deploying (or

dlocating) firefighting resources (Walker, 1979, p. 69).

Equd Coverage - The principle that states that, to the extent possible, dl citizensof a

municipdity should enjoy the same levd of fire protection and service.

First Due - The emergency unit expected to arrive on the scene first; usualy aso the closest

unit.



Hazard - Although used somewhat interchangeably with the term “risk” in other places, here
hazard means “ The extent to which injury, damage, or losswill occur if thereisafire...” (Rider,

1979, p. 342). Answersthe question, “How bad can it get?’

Market - The Morristown firehouse on Market St., which was closed in 1996.

Response Time - The egpsed time between the receipt of arequest for service and the arriva

on scene. Includestravel time as one of its components.

Risk - The probability that fire will occur. Answers the question, “What are the chances of

having afire?’

2" darm - In Morristown, the second alarm or general darm is requested when the first arriving
unit determines that there isa ggnificart fire. This becomes the darm point for summoning the

voluntears and sometimes mutud ad.

Signa 11/Structure Fire - From the National Fire Incident Reporting System (anationd data

base maintained by the U.S. Fire Adminigration): any hostile fire within a structure.



Speedwdl - The exiging saffed firehouse in Morristown, located on Speedwell Ave.

Target Hazard - Defined by the Morrisown Long- Range Firehouse-Needs Committee as.
“Buildings that, because of their Size, congtruction fegtures, conterts, or occupancy would

present challengesto afire department if there were to be adelay in responding to afire there”

Travd Time- That part of Response Time which starts when the unit leaves quarters and ends

when the unit arrives on the scene; “whed start to whed stop.”

Ward/Didtrict - One of 14 politica divisons of Morristown (1/1, 1/2, 1/3, /4, 2/1, 2/2, 2/3, 3/,

3/2, 3/3, 4/1, 4/2, 4/3, and 4/4) used in this study as “Demand Zones.”

Research Methodology

The thrust of this project was to evauate the impact of constructing a new firehouse on
the southeastern sde of Morristown. The first step was to divide the town into smdler sections
or “demand regions’ (Donovan, Gay, and Neufeld, 1990; Lewis, 1986). It was decided to use
the Ward and Didtrict divisons crested after the 1990 census as demand zones. Each of the 14
Digtricts (identified as W/D, eg., “1/2" for Ward 1, Digtrict 2) contain gpproximately one-fifth

of asquare milein areaand a population of gpproximatdy 1,000 resdents (figure 2).



/ TS Erignt S TS QU wlicro softSorpars ernm;_"r Az, Slrgrt S rgdarad, . A

Figure 2 - Ward and District boundaries

For each of the 14 W/D’s, an intersection or other identifiable feature was chosen to
approximate the geographic center of the W/D, referred to as“Center.” The point in each
W/D having the longest driving distance from the existing firehouse (referred to as Speedwell)
was aso identified, referred to as* Extreme.”

Morrisown’s Long- Range Firehouse-Needs Committee selected four possible sites for
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anew firehouse. All four were within 300 yards driving distance (250 yards as the crow flies)
of the intersection of South and James Sts. This intersection was chosen as an gpproximation to
represent the location of the new firehouse (referred to as “ James’) for dl distance
measurements.

Target hazards were identified by reviewing the list of registered Life Hazard Uses
registered in Morristown by the Fire Officid according to the New Jersey Uniform Fire Code.
Some additional properties which were not Life Hazard Uses, but which presented significant
problems for fire suppression, or if destroyed by fire would result in an unusudly high loss,
were added to the list of target hazards. Target hazards included hospitals, aretreat house,
high-rise buildings, large wooden residentid buildings, schools, asssted-living and group home
resdences, ajail, houses of worship, senior citizen housing, alibrary, historic properties, and
large gpartment, office and commercid buildings.

Incident reports of the Morristown Fire Bureau were searched for the location of dl
gructure fires from January 1, 1991 to August 1998. These locations were tabulated according
to Ward and Didrict.

Driving distances from Speedwe| and from Jamesto al 14 Ward/Didrict centers,
Ward/Didrict extremes, and to al target hazards and Structure fires were measured.
Measurements were taken usng Streets Plus, a computer mapping program from Microsoft

Corporation (One Microsoft Way, Redmond, WA 98052). This program will measure



distance in yards and in hundredths of a mile. Distances were measured using actual response
routes.
Distances were tabulated in a spreadsheet and converted into time by the HUD/Rand

formula

T= 210V D when D islessthan or equd to 0.38 mile;

or: 065 + 1.70 D when D isgreater than or equd to 0.38 mile.

Graphs were generated by the spreadsheets to enable visua comparison of the
response times between James and Speedwel| to centers, extremes, target hazards and past
fires. For the Southeast Sde of town, tables and graphs were aso prepared showing time

saved and percent improvement by afirehouse a James.

Assumptions and Limitations

All distances were measured by the computer mapping program, Streets Plus. The
accuracy of the program was checked with arolling measure device from the Morristown
Police Department (model MM45, by Rolatape, Spokane, Washington), and with careful use
was found to be accurate within plus or minus 4%.

A further source of inaccuracy may be the distance-to-time converson formula. The

formula and the vaues of its constants have been vaidated and reported to show little variation



over time and between locations, but there is certainly some smal unknown level of inaccuracy.

Fire datafrom 1991 (when the incident data was computerized) until August 1998 was
used. Inorder to compare 1998 data to other years, an extrapolation was performed to
approximate fire data until December 31, 1998. Other limitations and sources of error include
possible migtakes and omissions made in the NFIRS reports and possible mathematica errors
in the collection and tabulation of data

An assumption was made that the response characterigtics of the four proposed Stes for
anew firehouse would be essentidly identicd to the South and Jamesintersection, an
approximate locus of the four proposed points. The 300 yard maximum distance between the
dtes and the representative intersection could result in a maximum of only 17.3 seconds
difference in trave timein aresponse of over 0.38 miles. This discrepancy tends to cancd out,
asganintimein onedirection equates with lossin another. The city of Fresno, Cdifornia
found that “ Potentid Sites were identified as street intersections, and it was deemed acceptable
to locate the Ste within one-quarter (1/4) mile linear distance from the intersection without
digtorting the travel time vaues appreciably” (1977).

Other assumptions were made in the identification of Target Hazards. Some locations

dearly fit the definition of a Target Hazard; others depended on ajudgment call of the author.



RESULTS

1. How arelife safety and fire loss affected by response time?

The effects of response time were found to be well-documented in the literature. Fires
can grow at an accelerating rate, So an increase in response time can equate to an exponentialy
larger fire, rescue problem and damage. Flashover and building collapse become more likely
the longer suppression activities are delayed. A one-minute increase in response time has been

found to be able to increase damage thousands of dollars.

2. Arethere nationdly recognized standards for response time?

The literature review was unable to locate any current nationdly recognized standards
for response time. Formerly (1972) the NFPA presented the criteria of having 90% of the
responses recelving on scene condition reports within three minutes (first due), and the entire
firg due assgnment on scene within five minutes, but thisis not found in any of the current
standards.

Different authors and fire departments gods for on scene time ranged from one and
one-hdf to five minutes. Theissueis clouded by differing definitions of responsetime. Severd
authors suggested that arriva before flashover is an important consideration. Flashover was

found to be able to occur as soon as four minutes after flaming ignition.
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Standards for response distance were found. The 1SO requires a maximum distance of
one and one-hdf milesfor an engine and two and one-haf milesfor atruck company. Formerly
(1976) the NFPA recommended that an engine be located within 2 milesin residentia aress

and one and one-hdf milesin commercia areas, but this stlandard has been dropped.

3. How have response times been affected by the closing of the Market Street firehouse
and moving its companies to Speedwell Avenue?

Response times in the northern sde of town (Speedwd |’ sfirst due areq) are unaffected
and have remained the same.

Except for avery few locationsin the immediate area of the firehouse, responsesin the
old first due district of Market Street may be divided into two groups: responses viaMorris
Street and responses via South Street. All responses viaMorris Street will be increased by
0.38 minutes, equd to the distance between the Speedwell Avenue firehouse and the
intersection of Spring and Morris Streets, through which both companies will travel. Smilarly,
al responses via South Street will be increased by 0.99 minutes (representing the distance from
the Speedwdl firehouse to South Street and South Park Place), except to locations on or near

Mt. Kemble Avenue, which will remain about the same.
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4. How would the building of a new firehouse on the southeast Sde of Morrisown  impact
life reponse time, life safety, and fire loss?

The building of a new firehouse would shorten travel time (and therefore response time)
on the southeast sde of Morristown. Life safety would be improved and damage and loss
reduced.

The Square-Root formula indicates that the average town-wide response distance, with

only the Speedwe | Avenue firehouse in sarvice is.

06 x V291 = 1.02 milestown-wide average response distance

This average response distance converted to travel timeis:

0.65 +1.7(1.02) = 2.38 minutes town-wide average trave time

Using the formulas to include the new firehouse, we have:

0.6x V292 = 0.72 miles average response distance, and:

0.65 + 1.71(0.72) = 1.87 minutes average travel time



If another firehouse were built, the town-wide average travel time would drop from
2.38 minutes to 1.87 minutes, redizing a0.51 minute average time savings. Thisrepresentsa
21% savingsin travd time.

The literature expresses three dimengons in eva uating response and deployment: target

hazards, fire history and equdized coverage.



Target Hazards
Target hazards were found to be distributed unequally around town. Figure 3 shows

the number in each Ward/Didtrict:
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Response time to the target hazards in Speedwell’ s first due district would not be
affected by the new firehouse a James. Response time to these specia hazards would be

decreased in the firgt and fourth wards.



Figure 4 shows the Ward/Didtrict average time saved and per cent improvement in

travel time to these target hazards.

Effects of James St Firehouse
on Southeast Target Hazards
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Figure 4

Risk

The second dimension of response time analysisisfire history. Also referred to as
redlized demand, fire history isameasure of risk. Like target hazards, Structure fires are not

digtributed equdly throughout Morristown. Figure 5 shows the distribution by Ward/Didtrict:
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Figure 6 represents the trends of structure fires over time. The period of 1991-1993 was

compared to 1996-1998 and the percentage increase or decrease was cacul ated:
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Fig 7 shows the effect of building anew firehouse near South and James Streets. The affected

Ward/Didtricts are presented with time saved and per cent improvement.
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Equal Coverage

The third dimension of deployment andyssis equa coverage. Two measures of
equality are presented: travel time to the Ward/Didrict geographica center; and longest travel

time from the existing Speedwdl| firehouse.



Figures7 and 8 show the response time from Speedwel| and from James Street, to the

geographic center of each Ward/Didtrict, and to the Extreme of each Ward/Didtrict.
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Fastes Travel Time by Ward/District
to geographic extremes
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The locations of target hazards and structure fires are not correlated closdly, as shown in figure

o:

Target Hazards & Structure Fires
1991 - 1998
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Finaly, hereis achart showing structure fires, target hazards, and travel times from

Speedwdl and James to Ward/Digtrict Centers.

Travel Times, Fires, Hazards

/1 1/2 1/3 1/4 2/1 2/2 2/3 3/1 3/2 3/3 4/1 4/2 4/3 4/4

Ward/District

[ Time from James 1 Time from Speedwell
B struct. Fires (x10) [ | Target Hazards (x2)

Figure 10

DISCUSSION

It is clear from the literature review that lower response times regp enhanced life safety
and decreased losses from fire. Building afirehouse in the southeastern side of Morristown
would achieve these goals. The question the town is struggling with is, How much will the town

benefit from this amount of response time reduction, and isit enough to justify expending about



$1 million a the present time?

The improvements would be subgtantid. The travel time to target hazards in
Ward/Digtrict 1/2 (which includes the centra business district) would be improved by 37%. In
W/D 1/2, which includes Morrisown Memorid Hospita, the improvement in travel time would
be 47%. Findly, response to W/D 4/4, which includes severd large office buildings, would be
46% shorter.

The data on responses to past structure fires shows that 40.6% of dl the town’s
gructure fires occurred in W/D 2/1 and 3/3. The new firehouse would not impact on these
areas a dl. The present firehouse, Speedwell, is very well located on the border between these
busy didricts. The dternative of closng Speedwell after building one centrd firehouse in amore
town-wide centra location has aso been discussed. This plan would move resources avay
from fires, increasing the average trave time and, presumably, averagefire loss.

The 1/2 Didrict is another focal point in dlocation decisons. Thisdidrict is dominated
by Morrissown Memorid Hospitd, the town’slargest employer. This property represents both
high hazard and high risk—accounting for 24 of the town’s 282 structures fires during the
period studied. Building the new firehouse near James Street would provide a50.2%
improvement on travel time to the hospital.

Figure 6 shows which W/D’s are more active or less active in recent years. W/D 2/1

(which has accounted for 20.1 % of al structure fires) appears to be dowing down, losing 6%



of itstown-wide share in the 1996-1998 period compared to 1991-1993. District 3/3
(accounting for 20.5% of al structure fires), on the other hand, is becoming more active, up
4.7% in share Sncethe early 90's. The hospitd W/D, 1/2, isdso growing, up 4% in share.
Thisisastrong argument for providing coverage at both ends of the town.

The congderation of equa coverageisintuitive to any citizen who locates the Speedwell
Avenue firehouse on amap. The present firehouse is gpproximately in the center of the northern
haf of town, with three-quarters of the town to its south and west. A measure of equa
coverage isthe range of travel timesto the centers of the Ward/Didtricts. Responding only from
Speedwell, the travel timesto the W/D centers range from 3.30 minutes to 1.03 minutes,
yielding arange of 2.27 minutes between wards that receive the fastest service to those
recaiving the dowest. The new James firehouse would yidd quickest time in 1.03 minutes and
dowest timeto aW/D center of 2.37 minutes. This equals arange of only 1.34 minutes
between the dowest and quickest. When examining the extreme distances (the farthest point in
each W/D now traveled from Speedwell), there is even more difference in the ranges.
Responding from Speedwdl only, the range between the quickest and dowest serviceis 3.13
minutes, responding from the two firehouses, the range is 1.87 minutes difference.

In considering these Satistics, afew words of caution arein order. Severd measuresin
this study are expressed in averages, such as the current Satistical average town-widetravel

time of 2.38 minutes. An average means that many responses may be shorter and many may be



longer than the average. For ingtance, if afire department had 25 responses of one minute and
five responses of seven minutes, the average response timeis only two minutes, which seems
good. However, the five severt minute responses may be totaly unacceptable.

Secondly, the response times generated by the HUD/Rand formula appear to be very
optimigtic for Morristown. The fire department is dispatched by the Police Department, and
thereis currently no ongoing record keeping of on-scenetime. On the basis of avery limited
number of spot checks of actual timed responses, the formula s constants, which represent a
town'’ s traffic and geographic characteristics, may need to be revised, producing somewhat
longer actud times. The percentages of improvement, and comparison of times would remain
the same; only the actud minute vaues would change.

If the town were to build the new firehouse, it would staffed by moving some of the
personnel and gpparatus from Speedwel| rather than by hiring new personnd. Thiswould have
aderimentd effect of moving resources away from the highest risk W/D’s. 2/1 and 3/3. In
other words, to the extent that the first due travel timeis reduced, the “last due’ of the complete
assgnment would be increased. Responding from one location has the benefit of dl companies
arriving somewhat together, which facilitates teamwork and incident management. However,
the benefit of having the first due on scene more quickly on responses to about haf the digtricts
isagood tradeoff. AsWalker reports, interviewing a Deputy Chief in the Fire Department of

New York:



From afire protection point of view, the first-engine (firg- due engine) responsetime is
usudly more important than the second- engine response time...as far as this chief was
concerned, the first-engine time should be weighed about twice as heavily asthe
second-enginetime. (That is, getting the first engine to an incident 10 seconds sooner is

worth about as much as getting the second there 20 seconds sooner.) (Walker, 1979,

p. 83-84)

The Morristown, New Jersey Fire Bureau is a combination department, consisting of
29 career suppression personnel and about 20 active volunteer firefighters, maintaining a
minimum on-duty staffing of a Captain and four firefighters. The on-duty crew bringsthe
gpparatus to the scene, while the volunteers are derted by pager and respond directly to the
scenein ther own vehicles,

In addition to greater training demands, increased cdl volume has made it impossible for
most volunteersto answer dl (1200) cdls. The generd practice has been for most volunteersto
respond only after the on-duty crew is on the scene, discovered a seriousfire, and called for a
generd darm. This procedure highlights the vaue of prompt on-scene arrivd of thefirg unit, in

order to make an assessment and call for ageneral darm or mutual aid as early as possible.
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RECOMMENDATIONS

It is the recommendation of this author that the town proceed with exploring the building
of the new firehouse near South and James Streets. It is clear from this study that certain red
benefits would result immediatdy, and probably even morein the future. Traffic will only
increase, dowing response times further. The fire department will probably become involved
with emergency medica services a some point in the future. Quick response will become even
more important.

Further study isneeded. The importance of good data cannot be overemphasized.
"Without current data on response times...decisions to spend tax dollars on existing ations or
to build new gations will be made from a purely speculative point of view” (Mason, 1996, p.

7). Thereis presently no mechanism or procedure in place to get response time measured by
digpatch. The fire department should begin a program of self-timing responses, from whed dart
to whed stop, by vehicle drivers with a stopwatch. This data should then be used to vaidate
the distance/time findings of this study, and modify the HUD/Rand formula as necessary.

The Morrisown Ward and Didgtrict lines were redrawn in 1991to reflect the 1990
census. Unfortunatdly, the Ward/District map in the captains' office was not changed until
1994, leading to errorsin the incident reports. This necessitated checking the Ward and Didtrict
of dl the structure fires and target hazards used in this study, and it made impossible the use of

al responses, gnce it was impractica to check the Ward/Didtrict locations of the over fifteen



thousand tota responses made since 1991. It is possible that other types of cdlsfor service
might have shown a different pattern than structure firesonly. A careful three-month timed
response study should shed some light. An attempt should be made to study emergency
medicd response patterns as well.

Findly, the Long-Range Firehouse-Needs Committee recommended contact with
Morris Township to explore the possbility of some mutua cooperation efforts which could

enhance response time. These efforts should be continued.
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Appendix A - Digance to Time Formula

distance/time formula -

segment distance D |[2.1root D |.65+ 1.7D if D=0.38 |travel time T
avg, 1 fire house 1.02 0 2.384 0 2.384
avg, 2 fire houses 0.72 0 1.874 0 1.874
Market to S. Park 0.077 10.5827264 0 0 0.58
Market to Spring & Morriw 0.26 11.0707941 0 0 1.07
Speedwell to South and park 0.539 0 1.5663 0 1.57
Speedwell to Spring and Morris 0.468 0 1.4456 0 1.45
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Appendix B - Number of Target Hazards, by Ward/District

Ward/District |Number of Target Hazards
4/3 7
4/4 11
1/1 2
1/2 2
1/3 4
1/4 10
2/1 10
2/2 1
2/3 2
3/1 1
32 1
3/3 7
4/1 1
4/2 7
Totals 66




Appendix C - Time Saved to Target Hazards on the Southeastern Side
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Target Hazards, time saved by James st firehouse

D from D from [T from T from |Time % Im-
Address Speedw., |James, |Speedw., [James, |[Saved, |prove-

miles miles minutes  [minutes [minutes [ment
18 Altamont 0.92 0.29 2.21 1.13 1.08 48.9%
38 Dumont 0.57 0.42 1.62 1.36 0.26 15.8%
38 Headley 1.43 0.44 3.08 1.40 1.68 54.6%
James & Ogden [1.41 0.42 3.05 1.36 1.68 55.2%
63 Macculloch 0.99 0.37 2.33 1.28 1.06 45.2%
70 Macculloch 1.03 0.32 2.40 1.19 1.21 50.5%
91 Maple 1.05 0.15 2.44 0.81 1.62 66.6%
77 Madison 1.55 0.56 3.29 1.60 1.68 51.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
146 Madison 1.88 0.89 3.85 2.16 1.68 43.8%
1 Miller Rd 0.79 0.21 1.99 0.96 1.03 51.7%
40 Overlook 1.49 0.73 3.18 1.89 1.29 40.6%
36 South 0.61 0.37 1.69 1.28 0.41 24.3%
44 South 0.64 0.34 1.74 1.22 0.51 29.5%
65 South 0.69 0.29 1.82 1.13 0.69 38.0%
100 South 0.75 0.23 1.93 1.01 0.92 47.7%
125 South 0.83 0.14 2.06 0.79 1.28 61.9%
247 South 1.33 0.34 2.91 1.22 1.69 57.9%
270 South 1.33 0.34 2.91 1.22 1.69 57.9%
77 W Valley View |1.70 1.37 3.54 2.98 0.56 15.8%
55 Madison 1.45 0.46 3.12 1.43 1.68 54.0%
65 Madison 1.53 0.54 3.25 1.57 1.68 51.8%
95 Madison 1.61 0.62 3.39 1.70 1.68 49.7%




Appendix C continued
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101 Madison 1.64 0.65 3.44 1.76 1.68 49.0%
111 Madison 1.75 0.76 3.63 1.94 1.68 46.4%
131 Madison 1.85 0.86 3.80 2.11 1.68 44.3%
151 Madison 1.90 0.91 3.88 2.20 1.68 43.4%
161 Madison 1.95 0.96 3.97 2.28 1.68 42.4%
163 Madison 1.95 0.96 3.97 2.28 1.68 42.4%
177 Madison 2.03 1.04 4.10 2.42 1.68 41.0%
230 Morris 1.12 0.82 2.55 2.04 0.51 20.0%
50 So Park PI 0.58 0.51 1.64 1.52 0.12 7.3%
200 South 1.00 0.03 2.35 0.36 1.99 84.5%
110 South 0.78 0.20 1.98 0.94 1.04 52.5%
161 James 1.73 0.74 3.59 191 1.68 46.9%
181 South 0.99 0.00 2.33 0.00 2.33 100.0%
2 Hamilton 1.14 0.15 2.59 0.81 1.77 68.6%
7 Hamilton 1.14 0.15 2.59 0.81 1.77 68.6%
10 Madison 1.20 0.21 2.69 0.96 1.73 64.2%
AVERAGES: 1.28 0.50 2.82 1.45 1.37 48.3%




Appendix D - Time Saved and % Improvement to Southeast Target Hazards

Southeast time saved & % imporvement--hazards

| |GRAPH:

W/D Time Saved |% ImprovemerWard/DTime S% Improveme
1/1 0.56 15.8% 1/1| 0.54 17.9%
1/1 0.51 20.0% 1/2| 1.67 47.0%
avgs: 0.54 17.9% 1/3| 1.82 71.5%

1/4| 0.73 37.7%
1/2 1.65 50.2% 4/2 1.3 54.1%
1/2 1.68 43.8% 4/3| 1.72 59.0%
avgs: 1.67 47.0% 4/4| 1.68 46.9%
1/3 1.99 84.5%
1/3 1.77 68.6%
1/3 1.77 68.6%
1/3 1.73 64.2%
avgs: 1.82 71.5%
1/4 1.08 48.9%
1/4 0.26 15.8%
1/4 1.03 51.7%
1/4 0.41 24.3%
1/4 0.51 29.5%
1/4 0.69 38.0%
1/4 0.92 47.7%
1/4 1.28 61.9%
1/4 0.12 7.3%
1/4 1.04 52.5%
avgs:. 0.73 37.7%
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Appendix D continued

4/2 1.06 45.2%

4/2 1.21 50.5%

4/2 1.62 66.6%

avgs: 1.30 54.1%
4/3 1.68 54.6%

4/3 1.68 55.2%

4/3 1.29 40.6%

4/3 1.69 57.9%

4/3 1.69 57.9%

4/3 1.68 46.9%

4/3 2.33 100.0%
avgs: 1.72 59.0%
4/4 1.68 51.2%

4/4 1.68 54.0%

4/4 1.68 51.8%

4/4 1.68 49.7%

4/4 1.68 49.0%

4/4 1.68 46.4%

4/4 1.68 44.3%

4/4 1.68 43.4%

4/4 1.68 42.4%

4/4 1.68 42.4%

4/4 1.68 41.0%

avgs: 1.68 46.9%
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Appendix E - Number of Structure Fires by Ward/District

Ward/District |Number of F|_

Ward/District |Totals - 199:
1/1 8
1/2 31
1/3 2
1/4 26
2/1 57
2/2 11
2/3 25
3/1 6
3/2 6
3/3 58
4/1 8
4/2 21
4/3 14
4/4 10

TOTALS 282
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Signal 11 responses, by Ward/District
Totals - 1991-1998

4/4, (3.5%) 1/1 (2.8%)
413 (4.9%)

1/2 (11.0%)

412 (7.4%) 1/3 (0.7%)
. 0

4/1 (2.8%) 1/4 (9.2%)
. 0

3/3 (20.5%)

2/1 (20.1%)

312 (2.1%)
311 (2.1%)

2/3 (8.8%) 212 (3.9%)




Appendix G - Time Saved on Southeast Side to Structure
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Signal 11's, time saved by James St firehouse

Dfrom |[Dfrom |Tfrom |Tfrom [Time % Im-
Address Speedw.,|James, |Speedw.,|James, |Saved, |prove-
miles miles minutes |minutes [minutes |ment

1998
19 Malcolm 1.83 1.50 3.76 3.20 0.56 14.9%
4 windmill 1.85 0.86 3.80 2.11 1.68 44.3%
100 Madison Av_ |1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison Av_ |1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison Av |1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison Av |1.55 0.58 3.29 1.64 1.65 50.2%
119 Morris St 0.60 0.49 1.67 1.48 0.19 11.2%
60 Elm 0.75 0.31 1.93 1.17 0.76 39.3%
181 South 0.99 0.00 2.33 0.00 2.33 100.0%

1997
17 Malcolm 1.83 1.50 3.76 3.20 0.56 14.9%
1 Washington Pl [1.18 0.85 2.66 2.10 0.56 21.1%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
7 Elm 0.90 0.06 2.18 0.51 1.67 76.4%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
74 Ridgedale 0.98 0.76 2.32 1.94 0.37 16.1%

1996
103 Ridgedale 1.18 0.97 2.66 2.30 0.36 13.4%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
17-19 Pine St 0.74 0.36 1.91 1.26 0.65 34.0%
41 Elm 0.80 0.26 2.01 1.07 0.94 46.7%
45 Pine 0.60 0.48 1.67 1.47 0.20 12.2%
53 Maple 0.87 0.33 2.13 1.21 0.92 43.3%
82 Maple 0.96 0.23 2.28 1.01 1.27 55.9%
3 Robertson 1.98 0.99 4.02 2.33 1.68 41.9%
8 Knollwood 1.21 0.22 2.71 0.98 1.72 63.6%
10 Dorado 2.10 1.11 4.22 2.54 1.68 39.9%
163 Madison 1.96 0.97 3.98 2.30 1.68 42.3%
9 Dorado 2.14 1.15 4.29 2.61 1.68 39.2%




Appendix G - Continued

1995

80 W Valley View |1.48 1.16 3.17 2.62 0.54 17.2%
100 Franklin 1.38 0.59 3.00 1.65 1.34 44.8%
64 Maple 0.89 0.30 2.16 1.15 1.01 46.8%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
2 John Glen 1.46 1.13 3.13 2.57 0.56 17.9%
45 Olyphant Dr 1.04 0.75 2.42 1.93 0.49 20.4%
74 1/2 Ridgedale |0.98 0.75 2.32 1.93 0.39 16.9%
35 Ridgedale 1.04 0.63 2.42 1.72 0.70 28.8%
95 Mt Kemble 1.11 1.09 2.54 2.50 0.03 1.3%

10 Perry 1.03 0.24 2.40 1.03 1.37 57.2%
16 Perry 1.05 0.26 2.44 1.07 1.36 56.0%
48 Mt Kemble 0.84 0.84 2.08 2.08 0.00 0.0%

41 James 1.18 0.19 2.66 0.92 1.74 65.5%
6 Crestwood 1.17 0.18 2.64 0.89 1.75 66.2%
270 South 1.33 0.34 2.91 1.22 1.69 57.9%
77 Madison 1.55 0.56 3.29 1.60 1.68 51.2%

1994

100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
7 Randolph 1.27 0.90 2.81 2.18 0.63 22.4%
176 South 0.91 0.06 2.20 0.51 1.68 76.6%
45 Elm 0.80 0.26 2.01 1.07 0.94 46.7%
30 EIm 0.87 0.19 2.13 0.92 1.21 57.0%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
3 Ridgedale 0.81 0.49 2.03 1.48 0.54 26.8%
30 Lafayette 1.20 0.70 2.69 1.84 0.85 31.6%
72 Abbett 0.83 0.83 2.06 2.06 0.00 0.0%

55 Maple 0.87 0.34 2.13 1.22 0.90 42.5%
73 Maple 0.92 0.25 2.21 1.05 1.16 52.6%
237 South 1.25 0.26 2.78 1.07 1.70 61.4%
40 Overlook 1.54 0.79 3.27 1.99 1.28 39.0%
40 Colles 0.99 0.53 2.33 1.55 0.78 33.5%




Appendix G - Continued

1993
25 Washington Av|1.14 0.87 2.59 2.13 0.46 17.7%
51 Washington Av|1.24 0.98 2.76 2.32 0.44 16.0%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
96-98 EIm 0.67 0.42 1.79 1.36 0.43 23.8%
31 Altamont 0.95 0.32 2.27 1.19 1.08 47.6%
8 Dehart 0.64 0.40 1.74 1.33 0.41 23.5%
58 Ridgedale 0.95 0.71 2.27 1.86 0.41 18.0%
29 Wetmore 0.94 0.73 2.25 1.89 0.36 15.9%
71 Wetmore 1.17 0.94 2.64 2.25 0.39 14.8%
3 Maple 0.80 0.56 2.01 1.60 0.41 20.3%
15 James 1.07 0.08 2.47 0.59 1.88 75.9%
1992
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
34 King st 0.78 0.44 1.98 1.40 0.58 29.3%
35 South 0.63 0.33 1.72 1.21 0.51 29.9%
55 EIm 0.75 0.31 1.93 1.17 0.76 39.3%
56 Elm 0.77 0.30 1.96 1.15 0.81 41.3%
86 South 0.70 0.28 1.84 1.11 0.73 39.6%
86 South 0.70 0.28 1.84 1.11 0.73 39.6%
162 South 0.90 0.09 2.18 0.63 1.55 71.1%
50 EIm 0.78 0.29 1.98 1.13 0.85 42.8%
191 South 1.07 0.08 2.47 0.59 1.88 75.9%
12 Dorado 2.03 1.04 4.10 2.42 1.68 41.0%
77 Madison 1.55 0.56 3.29 1.60 1.68 51.2%
77 Madison 1.55 0.56 3.29 1.60 1.68 51.2%
181 South 0.99 0.00 2.33 0.00 2.33 100.0%
77 Madison 1.55 0.56 3.29 1.60 1.68 51.2%
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Appendix G - Continued

1991
77 W Valley View |1.68 1.43 3.51 3.08 0.43 12.1%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
100 Madison 1.55 0.58 3.29 1.64 1.65 50.2%
19 Randolph 1.70 0.94 3.54 2.25 1.29 36.5%
171 Morris st 0.78 0.46 1.98 1.43 0.54 27.5%
24 Altamont 0.93 0.30 2.23 1.15 1.08 48.4%
91 Elm 0.70 0.36 1.84 1.26 0.58 31.5%
37 Wetmore 0.98 0.74 2.32 1.91 0.41 17.6%
5 Wetmore 0.85 0.61 2.10 1.69 0.41 19.5%
66 Wetmore 1.13 0.88 2.57 2.15 0.43 16.5%
91 Macculloch 1.10 0.27 2.52 1.09 1.43 56.7%
203 South 1.11 0.12 2.54 0.73 1.81 71.3%
131 Madison 1.83 0.84 3.76 2.08 1.68 44. 7%
320 South 1.56 0.57 3.30 1.62 1.68 51.0%
AVERAGES: 1.23 0.57 2.73 1.58 1.15 41.3%
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Appendix H - Time Saved and % Improvement to Structure Fires, by Ward/Didtrict

Graph: SE side of town: itme saved & % improvéd

|
Ward/Distri{Time Saved|% Improvement

1/1 0.51 16.50%
1/2 1.59 48.50%
1/3 1.11 52.10%
1/4 0.8 39.90%
2/3 0.46 19.10%
4/2 0.83 35.90%
4/3 1.81 66.40%
4/4 1.68 46.30%




Appendix | - Trends of Structure Fires, by Ward/Didtrict

Histbry-sig 11 trends

W/OSig 11 91-93|as % of all fires sig 11 96-98 |as % of all fires |% change of portion of a
1/1 3 2.4% 3 3.3% 0.9%
1/2 13 10.2% 13 14.3% 4.0%
1/3 1 0.8% 0 0.0% -0.8%
1/4 13 10.2% 9 9.9% -0.3%
2/1 30 23.6% 16 17.6% -6.0%
2/2 7 5.5% 4 4.4% -1.1%
2/3 8 6.3% 7 7.7% 1.4%
3/1 4 3.1% 1 1.1% -2.1%
3/2 2 1.6% 4 4.4% 2.8%
3/3 22 17.3% 20 22.0% 4.7%
4/1 4 3.1% 4 4.4% 1.2%
4/2 10 7.9% 2 2.2% -5.7%
4/3 4 3.1% 5 5.5% 2.3%
4/4 6 4.7% 3 3.3% -1.4%
127 91
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Appendix J- Ward/Digtrict Centers, Time Saved

WARD / DISTRICT CENTERS, Time Saved by James St. Firehouse

D from |D from|T from [T from [Time

Ward Address Speedw.|James,|Speedw|James, |Saved,
Dist miles miles |minutes |minutes|minutes
1/1  |Morris Av & Georgian Rd [1.33 1.01 [2.91 2.37 0.54
1/2 |Franklin St & De Kalb Pl |1.56 0.76 |3.30 1.94 1.36
1/3 |Franklin St & Ford Av 0.96 0.44 |2.28 1.40 0.88
1/4 |Pine ST & King PI 0.80 0.35 [2.01 1.24 0.77
4/2 |Miller Rd & Colles Av 1.03 0.49 |2.40 1.48 0.92
4/3 |Lidgerwood& Edgewood [1.48 0.49 |3.17 1.48 1.68
4/4 |Parsons Village, Bldg 13 [1.55 0.56 [3.29 1.60 1.68

AVERAGES: 1.24 0.59 [2.77 1.65 1.12
Wards/Districts Not Affected:

D from |D from|T from [T from

Ward Address Speedw.|James,|Speedw|James,
Dist miles miles |minutes |minutes
2/1 |Logan Pl & Pocahontas St0.25 1.28 [1.05 2.83
2/2 [Hilliary Av @ bend 0.95 1.61 [2.27 3.39
2/3 |Abbett Av & Jardine Rd  |0.80 0.87 |[2.01 2.13
3/1 [Ralph Pl & Willard PI 0.75 1.79 [1.93 3.69
3/2 |Kenmuir Av & Milton PI 0.65 1.59 [1.76 3.35
3/3 |Early St & Atno Av 0.24 1.14 |1.03 2.59
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Appendix K - Ward/Digtrict Extremes, Time Saved

WARD / DISTRICT EXTREMES, Time Saved by James St. Firehouse

D from D from |T from |T from [Time
Ward Address Speedw., |James,|Speedw.|James, |Saved,
Dist miles miles |minutes |minutes/minutes

1/1 |Washington Av & Oak La |1.72 1.22 |3.57 2.72 10.85
1/2 |Franklin St & Madison Av_ |1.88 0.89 1[3.85 2.16 |1.68
1/3 |Revere Rd, end 1.47 0.64 |3.15 1.74 |1.41
1/4 |Altamont Ct, end 0.95 0.32 |2.27 1.19 [1.08
2/3 |Ridgedale Av & John St 1.19 0.97 |2.67 2.30 |0.37
4/2 |Overlook Rd @ border 1.56 0.80 [3.30 201 |1.29
4/3 [Windmill Dr & Robertson  {2.00 1.01 (4.05 2.37 |1.68
4/4 |Dorado, near Degan 2.41 1.42 |4.75 3.06 |1.68

AVERAGES: 1.65 091 [3.45 219 11.26

Wards/Districts Not Affected:

D from D from |T from |T from
Ward Address Speedw., |James,|Speedw.|James,
Dist miles miles |minutes |minutes

2/1 |Speedwell Av, @ border [1.08 2.11 [2.49 4.24
2/2 |Cory Rd & Gregory Ter 0.99 1.81 [2.33 3.73
3/1 |Lake Rd @ border 1.07 2.10 [2.47 4.22
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